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Discussion on PAR Reduction for Padded HOM
1 Introduction

Higher peak-to-average power ratio is introduced by the IDFT precoder in PCE2. Techniques to reduce the PAR of the PCE2 signal should be investigated and the impact on the performance and spectrum should also be considered. In this contribution, the clipping based PAR reduction method is performed for Padded HOM. Both the performance degradation and impact on the spectrum are evaluated.

2 Method Description

Clipping based PAR reduction technique is a general approach to reduce the PAR. Conventional clipping can be expressed as a multiplication
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where A is the maximum allowed amplitude for the clipped signal. Conventional clipping, known as hard clipping, causes sharp corners in a clipped signal. This leads to out of band radiation. Some kinds of filters are introduced to control the level of out of band radiation. This improved clipping is named soft clipping. Therefore in GERAN some limitation exists when hard clipping is utilized to keep the signal within the spectrum requirements. And a straightforward choice of the filter to control the signal spectrum is the Tx Linearized GMSK pulse shaping filter.

The soft and hard clipping algorithms described in [1] can also be used in Padded HOM. The evaluations about the clipping based PAR reduction method are given in the following sections.
3 Simulation

In this section, the impact of PAR reduction with the combined soft and hard clipping on the performance and spectrum are investigated. For a given PAR target, the soft clipping is performed first and targets only the highest peaks. The hard clipping is then applied on the remaining peaks. The number of clipped peaks aligns with [1].
3.1 Assumptions

The simulation assumptions are listed in Table 1. 
Table 1 Simulation assumptions

	Parameter
	Value

	Coding Schemes
	DAS-7,DAS-9,DAS-11b v2

DBS-6,DBS-9,DBS-11b v2

	Channel propagation
	TU3iFH

	Frequency band
	900 MHz

	Interference scenario
	AWGN

	Tx filter
	Lin GMSK

	Frames
	5000

	Tx/Rx impairments

  - Phase noise [degrees (RMS)]

  - I/Q gain imbalance [dB]

  - I/Q phase imbalance [deegrees]

  - DC offset [dB]

  - PA model

  - Frequency error [Hz]
	Tx/Rx

0.8/1.2           

0.1/0.2           

0.2/2.0           

-45/-40          

Yes / -

-/25           

	Cyclic prefix length
	level A: 6
level B: 15

	DFT size
	level A:144
level B: 162

	TS position index
	According to [2]


3.2 Results

Table 2 Performance degradation of PAR reduction
	Target PAR
	Level
	MCS
	Peaks clipped by

soft clipping
	Peaks clipped by

hard clipping
	Degradation
@10%DataBLER (dB)

	6 dB
	Level A
	DAS-7
	4
	7
	0.2

	
	
	DAS-9
	4
	7
	0.4

	
	
	DAS-11b v2
	4
	7
	0.6

	4 dB
	Level B
	DBS-6
	20
	7
	1.5

	6 dB
	
	DBS-6
	4
	7
	0.1

	
	
	DBS-9
	4
	7
	0.7

	
	
	DBS-11b v2
	4
	7
	2.1


Table 2 shows the impact of PAR reduction on the link level performance. For a target PAR of 4 dB in Figure 1, the spectrum requirements could be met and with a performance degradation of 1.5 dB. Figure 2 and Figure 3 depict the spectrum of DAS-9 and DBS-9 for Padded HOM before and after clipping. For a target PAR of 6 dB, the spectrum requirements could be met and with a small performance degradation of less than 0.7 dB (except for DBS-11b v2).
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Figure 1 Spectrum of DBS-6 due to PAR reduction with soft and hard clipping
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Figure 2 Spectrum of DAS-9 due to PAR reduction with soft and hard clipping
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Figure 3 Spectrum of DBS-9 due to PAR reduction with soft and hard clipping

4 Conclusion
In this contribution, the clipping based PAR reduction method is evaluated for Padded HOM. It could be observed from this evaluation that the target PAR could be efficiently reached with several times of soft and hard clipping, and that the spectrum of the clipped signal could be kept within the spectrum mask with acceptable performance degradation. 
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